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Chemical and statistical analyses from a uranium

hydrogeochemical and stream-sediment survey in

the North Absaroka study area, Park and

Sweet Grass Counties, Montana

Part I: Surface water 

By Vivian J. Suits and Karen J. Wenrich-Verbeek

ABSTRACT

Sixty-two surface-water samples collected from a portion of the North 

Absaroka study area, Montana in July 1977, were analyzed for 52 different 

variables. Forty-six of these variables are presented in data listings; 27 

met the proper statistical criteria and were tested in correlation analysis.

Uranium values ranged from 0.04 to 5.1 yg/£, and an average sample 

contained 0.59 yg/£. The generally low values of U in the surface water of 

this area are in contrast with the high values found in sediments collected at 

the same sites, described in Part II of this report (Suits and Wenrich- 

Verbeek, 1980). However, the maximum U concentration was observed in the 

water of Anomaly Creek, from which previous workers had discovered high U 

values in the stream-sediment samples.

Out of the 27 parameters treated statistically, U correlates only with 

molybdenum. U does not show correlations with the alkalis or alkaline earths, 

as was noted in a previous study in New Mexico (Wenrich-Verbeek, 1977b). 

Arsenic and boron commonly are related to U in surface waters (Wenrich- 

Verbeek, 1977a). However, arsenic analyzed in this area was never above the 

detection limit of 1 yg/£, and boron showed no correlation with U.



INTRODUCTION

This report presents the chemical analyses and preliminary statistical 

evaluation of 62 surface-water samples collected in south-central Montana 

during July 1977. Sampling covered a part of a proposed primitive area in the 

northern Absaroka Mountains, referred to as the North Absaroka study area by 

the U.S. Geological Survey and U.S. Bureau of Mines (USGS and USBM, 1977) and 

located within Park and Sweet Grass Counties (fig. 1). The Absaroka primitive 

area is to the south of that area, and the Beartooth primitive area is to the 

southeast. Analyses of stream-sediment samples taken concurrently with these 

water samples are reported in Suits and Wenrich-Verbeek (1980).

The North Absaroka study area and vicinity has few known U occurrences 

and no previous designation of potential U (USGS and USBM, 1977; Simons and 

others, 1973; and Wedow and others, 1975). Therefore, the discovery of U 

values in the range 142-427 ppm in stream-sediment samples collected by USGS 

and USBM (1977), in addition to high U-bearing stream sediments collected by 

Johns-Manvilie, Inc. (S. Ellingwood and J. Schutt, oral commun., 1977), 

elicited further investigation. The present geochemical sampling study was 

designed to provide a basis for delineating the source for anomalous stream 

sediments.

GEOLOGIC BACKGROUND

The study area is located in the western part of the Beartooth uplift in 

the North Absaroka Mountains. The area is sparsely populated and 

mountainous. Because access to the high country is limited to a few 

footpaths, the use of a helicopter was necessary for this survey.

Several authors have described the geology near this study area in 

detail, especially in the vicinity of mining districts just outside the 

area. Reid and others (1975) and Richards (1957) described the geology of
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larger regions which encompass the study area. The most extensive description 

of the geology as well as economic history and potential of this area was 

given by USGS and USBM (1977).

The Precambrian gneisses of Falls Creek and Mt. Cowen are the predominant 

formations in the study area. Small areas of Precambrian metasediments occur 

in the northwestern and northeastern parts of the area. Tertiary intrusives 

and volcanics as well as nonextensive Cambrian sediments are present south of 

Meatrack Creek (fig. 1).

Faults generally follow west-northwest or north-northeast trends. The 

Mill Creek-Stillwater fault Is west-trending near the southern boundary of the 

study area, and the northeast-trending West Boulder fault is traced by the 

West Boulder River (Reid and others, 1975).

Southwest of the study area, and associated with the Absaroka-Gallatin 

volcanic province, are several gold, silver, and copper mining districts: 

Emigrant-Mill Creek, Boulder, Independence, and Cooke City. Northeast of the 

area, the Archean Stillwater Complex hosts platinum, chromium, copper, and 

nickel (USGS and USBM, 1977).

The two Precambrian gneisses are of primary interest with respect to U 

exploration and to this study. The streams that concentrated the U-rich 

sediments derive their material from one or both of these gneisses. USGS and 

USBM (1977) found high U as well as high Th in samples of a dark mineral layer 

in the gneiss of Falls Creek. Half of the minerals in the zone are biotite 

and magnetite and half are quartz, feldspar, and accessories. Among the 

accessories, sphene is the presumed host of the U and Th (USGS and USBM, 

1977).



SAMPLING PROCEDURE

High U values were discovered by USGS and USBM (1977) and by Johns- 

Manville personnel (S. Ellingwood and J. Schutt, oral commun., 1977) in 

sediments from Speculator Creek and from a previously unnamed creek now known 

locally as "Anomaly Creek" (fig. 1). Therefore, water and stream-sediment 

samples for this study were collected near those two drainages, though the 

Speculator Creek drainage was favored due to easier access. Figure 1 shows 

the locations of the study area and the sampling sites; table 1 lists the 

sampling sites by location name.

Water was collected in a flint glass bottle from the thalwegs of 

streams. The water was then passed through 0.45 \w. membrane filters into 

polyethylene bottles and acidifed with nitric acid (HNO^) to a pH below 2. 

These filtered-acidifed samples were analyzed for U and all other elements 

except bicarbonate, alkalinity, organic and inorganic C, Si02, F, Cl, SO^, 

PO^, and ^2^0^. Bicarbonate and alkalinity were determined from a raw 

sample, SiO£, F, Cl, and SO^ from a filtered-unacidified sample, and PO^, 

N02+NO-J, and inorganic and organic carbon from a filtered-unacidified chilled 

sample. In situ measurements were made of conductivity, water temperature, 

pH, and Eh. Further details on sampling procedures were given by Wenrich- 

Verbeek (1976). Samples were randomized before submittal to the analytical 

laboratories to preclude any systematic bias in the results.



Table 1. -List of sample localities and dates (1977) of collection.

SAMPLE
1
2  
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
)4
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

LAT
45022* 48"
45°22* 45"
45°22'50"'
45°22'45"
45°21'53"
45°22* 9"
45°22* 6"
45°19'44"
45°19'47"
45 0 18*29"
45 °23'21"
45023*19"
45022* 4"
45°22* 1"
45°19'10"
45°19'10"
45°18'39"
45°18'39"
45° 17* 9"
45°17'14"
45°16'22"
45°16* 7"
45°20'20"
45°22'37"
45°23'29"
45°23'52"
45°21'48"
45°21'46"
45 02V 27"
45 °21* 35"
45°19* 8"
45018*45"
45°18'45"
45°19'47"
45°20'49"
45°20'46"
45°20'23"
45°20'28"
45°25'28"
45°25* 28"
45°25'12"
45°25'10"
45°20'51"
45°20'49"
45°21« 9"
45°21» 7"
45 °2 1*27"
45°21'58"
45°22* 1"
45°18'47"
45°18'47"
45° 22* 50"
45° 23* 3"
45° 22* 60"
45° 23* 6"
45°23'37"
45° 23* 37"
45023*13"
45°23'16"
45° 18* 7"
45° 18* 2"
45° 2 1 ' 27 "

LONG
110019*38"
110°19'38"
110°19* 1"
110019' 1«
110015*26"
110014*49"
110014*42"
110010* 0"
110010* 3"
110011*13"
110° 11*53"
110011*53"
1100 12'41 I»
110°12'37"
110°1M' 1"
110°14* 5"
110°14'12"
1 10° 14' 16"
110°14'23"
110°14'23"
110°14'56"
110Q14M4"
110013'50»
11CP20'26"
11CP21'57"
110025' 0"
110°23'10"
110023' 3"
110°12' 4"
110P20'59"
110012*23"
110010*44"
110010*40"
110° 11*53"
110012*52"
110012*55"
110t>14'31"
110° 14*31"
110° 24*20"
110024*24"
110° 20* 55"
110° 20*59"
110P10'56"
110010*55"
1100 6*28"
110° 6*24"
110° 6*28"
110° 5*51"
1100 5.471.
11QO 5.55..
110° 5*58"
110°18'40"
110018*10"
110° 18* 10"
110017*16"
110°15'18"
110015*15"
110016'17 W
110016*20"
1100 d'56"
110012*19"
110012*23"

MO/DAY
7/7
7/7
7/7
7/7
7/8
7/8
7/8
7/8
7/8
7/3
7/9
7/9
7/9
7/9
7/9
7/9
7/10
7/10
7/10
7/10
7/10
7/10
7/10
7/11
7/11
7/11
7/11
7/11
7/11
7/12
7/12
7/12
7/12
7/12
7/12
7/12
7/13
7/13
7/13
7/13
7/13
7/13
7/14
7/14
7/14
7/14
7/14
7/14
7/14
7/15
7/15
7/15
7/15
7/15
7/15
7/15
7/15
7/15
7/15
7/16
7/16
7/16

LOCATION NAME
Westernmost north fork to Speculator Creek 
Westernmost south fork to Speculator Creek 
North trib to Speculator Creek 
Speculator Creek
Bramble Creek below southernmost glacial lake 
Bramble Creek 
Trib to Bramble Creek 
Trlb from Snowy Peak to Hawley Creek 
Hawley Creek
Stream from lake on west side of Hawley Mountain 
Speculator Creek at mouth 
Boulder River above Speculator Creek 
Bramble Creek at mouth 
Boulder River above mouth Bramble Creek 
Ruby Creek at mouth 
Boulder River above Ruby Creek 
Clear Creek at mouth 
Boulder River4 above Clear Creek 
Creek south of Upsidedown Creek 
Upsidedown Creek at mouth 
West fork Boulder River 
East Fork Boulder River 
Boulder Piver above Fourmile Creek 
Tarn lake north of head of Speculator Creek 
Stream from Kaufman Lake
West Boulder River below junction of East Fork 4 trib 
Stream draining Crystal Lake above junction with trib 
Trib to stream draining Crystal Lake 
Stream draining cirque east of Crystal Lake 
Stream draining Silver Lake 
Headwaters of Ruby Creek 
West fork of Hawley Creek 
East fork of Hawley Creek.
Drainage above tarn lake on west side of Hawley Mountain 
Mouth of "Anomaly Creek"
Boulder River above mouth of "Anomaly Creek" 
Meatrack Creek above junction with Fourmile Creek 
Fourmile Creek above junction with Meatrack Creek 
Trib into West Boulder River 
West Boulder River at Beaver Meadows 
East fork to Falls Creek 
Middle fork to Falls Creek 
North Fork Hawley Creek 
Hawley Creek above North Fork 
Hidden Creek
West Fork Stillwater River 
Trail Creek at mouth 
Divide Creek at mouth
West Fork Stillwater River above Divide Creek 
East fork of West Fork Stillwater River 
West fork of West Fork Stillwater River 
Trib from south to Speculator Creek 
Trib from north to Speculator Creek 
Speculator Creek
Trib from south to Speculator Creek 
Unmarked trib from north to Speculator Creek 
Speculator Creek below unmarked trib 
Trib from south to Speculator Creek 
Speculator Creek 
Tarn lake south of Mt Douglas 
Clear Creek below Emerald Lake 
Hawley Creek at mouth

 No sediment sample takeni



CHEMICAL ANALYSES

Table 2 lists variables determined in the waters of the study area and 

shows the analytical method used and the corresponding detection limit. All 

water samples were analyzed by the U.S. Geological Survey (USGS). Dissolved 

solid residues obtained by evaporation of water samples were used for emission 

spectrographic analysis. The detection limits for these elements tend to vary 

from sample to sample because of their dependence upon the concentration of 

dissolved solids in the water the greater the mg/£ of dissolved solids, the 

higher the detection limit. Two methods of fluorimetry were used for U 

determinations: (1) direct fluorimetry with a detection limit of 0.4 yg/£» 

and (2) extraction fluorimetry with a detection limit of 0.01yg/£. The 

second method was used only on those samples with a U concentration of less 

than 0.4 yg/£.

PRESENTATION OF CHEMICAL DATA

The results of the chemical analysis of the water samples are shown in 

table 3. Abbreviations used in table 3 are explained in table 2. The column 

entitled "U/Cond" in table 3 is the normalized U data: U concentration of each 

sample was divided by the conductivity at the site where the sample was 

collected; then this result was multiplied by 100 (for ease of comparison). 

Conductivity is used as the normalizing factor because it is a relative 

measure of the total dissolved solids in the water, and therefore, can be used 

to minimize the effect of dilution by runoff from low to high periods of 

discharge (Wenrich-Verbeek, 1977a). Because U is the element of principal 

interest in this study, it is the only element for which normalized data are 

presented. However, the conductivity was not significantly variable 

throughout the sampling survey to warrant use of any normalized data in 

further statistical analyses or interpretations (see fig. 2-1).
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Figures 2-1 through 2-29 are locality maps for water samples and show the 

data for those elements which have a significant variation through the 

drainage basin. Because most geochemical data follow lognormal distributions, 

the data are plotted by approximate geometric intervals based on those 

established and used by the Geological Survey of Canada for their 

hydrogeochemical surveys. Explanations on each map show the intervals used. 

Because pH values are logarithmic, the pH data are plotted as numeric values 

rather than symbols. Eh values are also plotted directly due to their small 

variation over the area.

STATISTICAL ANALYSIS

The sequence of statistical treatment followed in this report is based on 

Meisch (1967, 1976), Cohen (1959), and formulations by the authors. Judgments 

throughout the sequence were guided by the character of the sample 

populations.

Character of the data; The following characteristics were assessed from 

the analytical results of this sampling study:

(1) Histograms of most variables (table 4) exhibited greater unimodal 

symmetry when the logarithms of the data were used than when they were not. 

Thus the represented populations were judged to be lognormal, and therefore 

the logarithms of the data were used in statistical calculations.

(2) Histograms that were more symmetrical and unimodal when the 

logarithms of the data were not used were deemed to represent a normally 

distributed population, and so the untransformed data were used in statistical 

analysis.

(3) Some histograms were asymmetrical and/or multimodal using either the 

untransformed or the transformed data (e.g., PO^). These variables were not 

included in correlation analysis because any test of their statistical 

significance would be invalid.
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(4) The analytical results for some variables included qualified values 

("less than" a certain number). There are two types of qualified values in 

this study: (a) those which represent a fixed limit of the analytical method, 

i.e., all "less than" values are associated with one number for one variable 

(singly-censored), or (b) those which represent a limit which changes from 

sample to sample within the data set for one variable (multiply-censored). 

Censored data are discussed in the next section.

Problems of censored data: Meisch (1967, 1976) discussed the problem of 

singly-censored sample populations. In the present study singly-censored 

variables were treated in the following ways:

(1) Cohen's (1959) method was employed to estimate means and standard 

deviations from the truncated distributions (Cohen, 1959; Miesch, 1967). 

Tests conducted during this study 01 artificially censored data sets verified 

the accuracy of Cohen's method for sample populations that are approximately 

unimodal and symmetric. Results from Cohen's method using asymmetric 

distribution curves (e.g., PO^) are not reliable, but are better estimates 

than parameters calculated only from the unqualified data without use of any 

estimator.

(2) The "replacement" method was employed before correlation analysis. 

This method assigns an arbitrary (educated guess) number to qualified 

values. In this report "less than" values are assigned three-fourths of their 

corresponding detection limits. Although this method is inferior to Cohen's 

estimation method for means and standard deviations, Cohen's estimation does 

not apply to calculation of the correlation coefficient. The censoring tests 

conducted in this study revealed the "replacement" method to be superior to 

that of omitting all qualified values from the data matrix before parameter 

calculation. This conclusion was emphasized by Miesch (1976).

11



(3) Based on skepticism of the reliability of any method that deals with 

censoring, the authors placed a limit on how many qualified values would be 

allowed in the data for one variable before the data were considered 

inadequate for statistical analysis. The arbitrary limit was set at 50- 

percent qualified values. If more than half the data for one variable were 

censored, the variable was not used in correlation analysis.

The problem of multiply-censored data has not been greatly discussed. 

Cohen's estimation method does not apply. The "replacement" method represents 

an analogy to the solution for singly-censored data, bui does not always seem 

appropriate. The following conclusions were drawn:

(1) Any method of dealing with the multiply-censored data will do little 

harm on the final statistics if only a small percentage of the data set is 

censored in this fashion. Therefore any data set which was more than 30- 

percent multiply-censored was considered unusable data.

(2) The nature and variability of the qualified limits determine whether 

a specific datum should be assigned to an arbitrary value or deleted from the 

data set. The data sets for this study which were multiply-censored to a 

reasonable extent contained "less than" values which, for the most part, 

maintained upper limits falling within the lower range of the entire data 

set. Therefore, to be consistent with the singly-censored data sets, three- 

fourths of the detection limits were assigned to all qualified data from 

multiply-censored sample populations. These "replaced" data sets were then 

used to calculate statistical parameters.

Frequency distributions: Histograms of the various parameters determined 

for the water samples are shown in table 4. Like most geochemical data, the 

distributions of all parameters in water except Eh, pH, and Cl are more 

closely lognormally distributed than normally distributed (in most cases ,

12



easily determined by visual comparison of the diagrams), so that the frequency 

diagram of their log-data is presented (shown with a prefix of L- or Log- 

before the element name), and the log-data were used in the statistical 

analysis.

The qualified data for each element are described in table 4 (directly 

beneath the histograms) according to the codes explained at the top of table. 

The histograms themselves comprise the frvqn<-Micies of the unqualified data 

values and the assigned values of the multiply-censored data.

Some of the histograms indicate that the populations from which the data 

were drawn are definitely not normal (e.g., PO^). Other histograms are not 

shown in this section because either (1) analytical results are greater than 

50-percent qualified values, such as Bi, or (2) the distributions consist of 

only a few different values, such as Fe (see table 3).

Table 4 also shows the maximum and minimum values in the data and the 

means and standard deviations. The latter two parameters were calculated 

differently depending on (1) the use of the untransformed data or the 

logarithms of the data, and (2) the presence or absence of singly-censored 

data.

Variables that remain untransformed had means and standard deviations 

calculated directly. If singly-censored data were present, Cohen's (1959) 

equations were used to estimate the arithmetic mean and standard deviation.

The geometric mean and geometric deviation (anti-logs of the arithmetic 

mean and standard deviation, respectively, of the log-data) were calculated 

for sample populations approximating a lognormal distribution. When singly- 

censored data are present, Cohen's equation was used on the logs of the data 

values to find the estimated arithmetic mean and estimated standard 

deviation. The anti-logs of these values then gave the geometric mean and

13



geometric deviation. The qualified values of multiply-censored sample 

populations were replaced by assigned values before any parameters were 

calculated when using either untransformed data or log data.

Correlation analysis; Table 5 shows a correlation matrix for variables 

determined in water. Only variables listed in table 4 with approximate normal 

or lognormal distributions were used in the correlation analysis. Qualified 

data were treated by the "replacement" metlu.»d, as described previously.

Scatter diagrams: Scatter digrams were plotted for the variables 

appearing in table 5 against U concentration. Only molybdenum correlated 

significantly with U; the corresponding scatter diagram appears in figure 3. 

No qualified values are plotted. The correlation coefficient, r, from table 5 

and the corresponding number of data pairs (n) appear on figure 3 along with a 

linear regression line. Sr.ar.lstical significance of correlation at the 99- 

percent confidence level is indicated by two asterisks next to the value of

2 r. An r value of 0.34 indicates that approximately 34 percent of the

variation seen in U is due to a direct relationship with molybdenum.
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